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ABSTRACT 
 
Disinfection is the final and very important step of wastewater treatment to maintain healthy 
ecosystems. Although chlorination is the most prevalent wastewater disinfection method, there 
are serious safety concerns and ecological problems associated with its use. The purpose of this 
study was to test the feasibility of using a HydroFLOW 60i unit for wastewater disinfection, as 
an alternative to chlorination. The study was performed using two different reactors, namely, a 
bench-scale laboratory batch reactor, and a continuous flow, pilot unit. Using the batch reactor, it 
was found out that the HydroFLOW 60i unit is effective to kill bacteria; however, modifications 
to this mode of operation would be required in order to increase the disinfection efficiency and to 
decrease the detention time. When the continuous flow system was run using a hydraulic 
detention time of 10 minutes and a single pass through the HydroFLOW unit, the E. coli removal 
efficiency was negligible.  Further research is needed to determine the most economical and 
efficient reactor configuration in order to make the HydroFLOW unit competitive with 
conventional wastewater chlorination. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: Wastewater, disinfection, reactors, hydroflow, efficiency
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1 INTRODUCTION 
Wastewater treatment is needed so that we can use our rivers and streams for fishing, 
swimming and drinking water. For the first half of the 20th century, pollution in the Nation’s 
urban waterways resulted in frequent occurrences of low dissolved oxygen, fish kills, algal 
blooms and bacterial contamination. Early efforts in water pollution control prevented human 
waste from reaching water supplies or reduced floating debris that obstructed shipping. Pollution 
problems and their control were primarily local, not national, concerns. Since then, population 
and industrial growth have increased demands on our natural resources, altering the situation 
dramatically. Progress in abating pollution has barely kept ahead of population growth, changes 
in industrial processes, technological developments, and changes in land use, business 
innovations, and many other factors. Increases in both the quantity and variety of goods 
produced can greatly alter the amount and complexity of industrial wastes and challenge 
traditional treatment technology. The application of commercial fertilizers and pesticides, 
combined with sediment from growing development activities, continues to be a source of 
significant pollution as runoff washes off the land. (USEPA, 200426) 
Water pollution issues now dominate public concerns about national water quality and 
maintaining healthy ecosystems. Although a large investment in water pollution control has 
helped reduce the problem, many miles of streams are still impacted by a variety of different 
pollutants. This, in turn, affects the ability of people to use the water for beneficial purposes. Past 
approaches used to control water pollution control must be modified to accommodate current and 
emerging issues. (USEPA, 200426) 
The 1972 Amendments to the Federal Water Pollution Control Act (Public Law 92-500–, 
known as the Clean Water Act (CWA), established the foundation for wastewater discharge 
control in this country. The CWA’s primary objective is to ‘restore and maintain the chemical, 
physical and biological integrity of the nation’s waters. The CWA established a control program 
for ensuring that communities have clean water by regulating the release of contaminants into 
our country’s waterways. Permits that limit the amount of pollutants discharged are required of 
all municipal and industrial wastewater dischargers under the National Pollutant Discharge 
Elimination System (NPDES) permit program. In addition, a construction grants program was set 
up to assist publicly owned wastewater treatment works build the improvements required to meet 
these new limits. The 1987 Amendments to the CWA established State Revolving Funds (SRF) 
to replace grants as the current principal federal funding source for the construction of 
wastewater treatment and collection systems. (USEPA, 200426) 
Disinfection is the final step involved in the treatment of municipal wastewater. 
Chlorination is the most prevalent wastewater disinfection method. However, despite its 
effectiveness, presently there are serious safety concerns and ecological problems associated 
with its use. Storage, shipping, and handling of all forms of chlorine pose a risk to public health, 
and, as a result, increased safety regulations have been issued. Chlorine is a greenish-yellow gas, 
which is an irritant poison when inhaled even in small quantities. According to the National 
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Transportation Safety Board and the Coast Guard, a large leak of chlorine gas can travel two 
miles in only 10 minutes and remain acutely toxic to a distance of about 20 miles. As a 
consequence, many wastewater treatment plants using massive yearly amounts of chlorine gas 
have made the decision to switch from chlorine gas to an alternative disinfectant. (Pulido, 2005) 
A technology from the company HYDROFLOW USA manufactured by Hydroflow 
Holding Limited, introduced a system that claims to manipulate electromagnetic fields to 
disinfect water. The unit, invented by Daniel Stefani (patent application no. US2008/0185328 
AL), was designed over a decade ago with the purpose of reducing lime scale in plumbing 
systems without the use of chemicals (hydroflow.com). The device, referred to as the Hydroflow 
unit, is described as an” apparatus for treating fluid in a conduit. The Hydroflow unit uses 
varying frequency of signals referred to as “exponentially decay sine waves” to prevent bacterial 
growth.  
The purpose of the research described herein is to test the feasibility of using the 
HydroFLOW 60i unit either as an alternative wastewater disinfection method or as a 
complement to chlorination to decrease the chlorine consumption. The proposed method is 
meant to reduce wastewater treatment facilities dependency on chlorine. Specific aims of this 
study are the following: 
a) To determine if the HydroFLOW 60i unit is able to kill E. coli. 
b) To test if the HydroFLOW 60i unit can remove E. coli in a continuous flow reactor 
without recirculation using a short detention time.  
c) To determine the E. coli removal efficiency of the unit with time. 
d) To determine the effect of recirculation on the removal efficiency of the unit. 
 
The results obtained in this study are preliminary and require further research before this 
system could be recommended as a replacement of conventional wastewater chlorination. The 
scope of this work can be summarized as follows: 
a) According to Rodrigues (2012), Hydropath technology works as a transformer. However, 
the work principle of the Hydropath technology was not verified in this study due to time 
constraint and available funding. 
b) The manufacturer claims that Hydropath technology applies a charge to any particles or 
bacteria passing through the ferrite ring of a unit, which in turn will attract a layer of 
highly pure water that forms a wetting layer or “hydration layer" around the bacteria.  As 
a result, osmosis begins to act and forces the water into the bacterial cell, bursting it. This 
killing mechanism of bacteria was not studied in this research. 
c) E. coli colonies present in 0.04ml sample were counted manually, so some uncertainty is 
present in the results due to human error. 
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2 LITERATURE REVIEW 
2.1 Overview of NPDES 
As authorized by the Clean Water Act, the National Pollutant Discharge Elimination 
System (NPDES) Permit Program controls water pollution by regulating point sources that 
discharge pollutants into waters of the United States. Point sources are discrete conveyances such 
as pipes or man-made ditches. Individual homes that are connected to a municipal system, use a 
septic system, or do not have a surface discharge do not need an NPDES permit; however, 
industrial, municipal, and other facilities must obtain permits if their discharges go directly to 
surface waters. Since its introduction in 1972, the NPDES permit program is responsible for 
significant improvements to our Nation's water quality. (USEPA, 201223) 
The purposes of Louisiana's Water Quality Standards are to:  (1) provide the protection 
and preservation of the abundant natural resources of Louisiana's many and varied aquatic 
ecosystems, (2) protect the public health and welfare which might otherwise be threatened by 
degradation of water quality, (3) generally protect or enhance the quality of public waters for 
designated uses, and (4) serve the objectives of the Louisiana Water Control Law and Federal 
Clean Water Act. (USEPA, 201223) 
The Water Quality Standards are applicable to the ambient surface waters of streams and 
other water bodies of the State and do not apply to effluents.  The Standards are utilized through 
the waste load allocation process to develop enforceable effluent limitations for point source 
wastewater discharge permits.  They can also form the basis for implementation of best 
management practices applicable to nonpoint sources under Section 319 of the Clean Water Act.  
The Water Quality Standards are also utilized as the basis for assessing water quality conditions 
and attainment of designated uses in the State's surface waters. (USEPA, 201223) 
The permit places limits on Biological Oxygen Demand (BOD), Total Suspended Solids 
(TSS), Fecal Coliforms, pH, Residual Chlorine, and visible foam and are summarized in Table 1. 
(Cagle, 2012) 
Table 1: NPDES permit Summary (Cagle, 2012) 
 
Parameter Weekly Monthly 
BOD5 45 mg/l 30 mg/l 
TSS 45 mg/l 30 mg/l 
Fecal Coliform 400 MPN/100ml 200 MPN/100ml 
Escherichia coli 235 cfu/100ml (one dose) 126 cfu/100ml (30 day rolling) 
pH Between 6 and 9 Between 6 and 9 
Total Residual Chlorine 0.05 mg/l 0.05 mg/l 
Other requirements No floating solids or visible foam No floating solids or visible foam 
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2.2  Indicator Bacteria Types 
 The most commonly tested fecal bacteria indicators are total coliforms, fecal 
coliforms, Escherichia coli, fecal streptococci, and enterococci. All but E. coli are composed of a 
number of species of bacteria that share common characteristics such as shape, habitat, or 
behavior; E. coli is a single species in the fecal coliform group. (USEPA, 201224) 
Total coliforms are a group of bacteria that are widespread in nature. All members of the 
total coliform group can occur in human feces, but some can also be present in animal manure, 
soil, and submerged wood and in other places outside the human body. Thus, the usefulness of 
total coliforms as an indicator of fecal contamination depends on the extent to which the bacteria 
species found are fecal and human in origin. For recreational waters, total coliforms are no 
longer recommended as an indicator. For drinking water, total coliforms are still the standard test 
because their presence indicates contamination of a water supply by an outside source. (USEPA, 
201224) 
Fecal coliforms, a subset of total coliform bacteria, are more fecal-specific in origin. 
However, even this group contains a genus, Klebsiella, with species that are not necessarily fecal 
in origin. Klebsiella are commonly associated with textile and pulp and paper mill wastes. 
Therefore, if these sources discharge to your stream, you might wish to consider monitoring 
more fecal and human-specific bacteria. For recreational waters, this group was the primary 
bacteria indicator until relatively recently, when EPA began recommending E. coli and 
enterococci as better indicators of health risk from water contact. Fecal coliforms are still being 
used in many states as the indicator bacteria. (USEPA, 201224) 
E. coli is a species of fecal coliform bacteria that is specific to fecal material from 
humans and other warm-blooded animals. EPA recommends E. coli as the best indicator of 
health risk from water contact in recreational waters; some states have changed their water 
quality standards and are monitoring accordingly. (USEPA, 201224) 
Fecal streptococci generally occur in the digestive systems of humans and other warm-
blooded animals. In the past, fecal streptococci were monitored together with fecal coliforms and 
a ratio of fecal coliforms to streptococci was calculated. This ratio was used to determine 
whether the contamination was of human or nonhuman origin. However, this is no longer 
recommended as a reliable test. (USEPA, 201224) 
Enterococci are a subgroup within the fecal streptococcus group. Enterococci are 
distinguished by their ability to survive in salt water, and in this respect they more closely mimic 
many pathogens than do the other indicators. Enterococci are typically more human-specific than 
the larger fecal streptococcus group. EPA recommends enterococci as the best indicator of health 
risk in salt water used for recreation and as a useful indicator in fresh water as well. (USEPA, 
201224) 
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Figure 1: The general bacteria curve associated with cell death. The span is broken into lag 
phase, exponential growth phase, stationary phase and death phase. These stages are linked to 
substrate uptake (Metcalf, 2003) 
  
E.coli colonies that are present in the secondary effluent of wastewater are removed by 
chlorination, because of the length of time that would be needed for the organisms to die off 
naturally. Bacterial growth and death are generally determined by substrate availability and other 
environmental limitations, as shown in Fig. 1. In a batch reactor a certain concentration of 
substrate is available to the bacteria and as it runs out the bacteria begin to die off. (Cagle, 2012) 
2.3  Disinfection with Chlorination 
2.3.1 Chlorine disinfectants 
 
Chlorination remains the prevalent method in most countries, including the United States. 
Chlorine works as a powerful oxidizing agent creating hypochlorous and hydrochloric acids, 
(HOCl and HCl), which in turn dissociate into hydrogen (H+), chloride (Cl-) and hypochlorite 
(OCl-) ions: 
Cl2 + H2O          HOCl + Cl- + H+ 
HOCl          H+ + OCl- 
 
Other chlorine-based disinfectants include chloramines and chlorine dioxide (ClO2). 
Chloramine disinfection uses ammonia addition in conjunction with chlorine to stabilize and 
extend the time the chlorine remains dissolved in the water and to limit the free chlorine from 
reactions that form disinfection by-products (DBPs). Chloramine is a weak disinfectant and is 
less effective against protozoa and viruses than chlorine. In addition, chlorine dioxide (ClO2) is 
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another chlorine based disinfectant that has found application in water treatment due to its 
greater stability. (Peterson, 2005) 
2.3.2 Mechanism 
 
 It is believed that chlorine (Cl20) and hypochlorite (OCl-) compounds work primarily by 
denaturing enzymes or proteins, thereby inactivating microorganisms. In some cases, physical 
disruption of cell membranes may also contribute (USEPA, 200122). Research has shown that 
chlorine can produce lethal events at or near the cell membrane and affect DNA. Chlorine 
adversely affects bacteria cell respiration causing an immediate drop in oxygen use, damages the 
cell wall membrane, promotes leakage through the cell membrane, and produces lower levels of 
DNA synthesis for Escherichia coli and some other bacteria. (Haas and Engelbrecht, 1980) 
(Peterson, 2005) 
The chemistry of chlorine has practical considerations in this regard: The chlorine (+1) -
cation transfer step means that chlorine and hypochlorous acid both undergo 2-electron 
reductions. This 2-electron transfer provides a higher energy for reactions than single-electron 
transfer, allowing more energy to destroy organisms and overcome energy barriers. If a reducing 
agent does not provide 2 electrons, reactions are generally impeded by mass-transfer limitations. 
The 2-electron reduction can be expressed as follows (Peterson, 2005):  
HOCl + H+ + 2e-              Cl- + H2O 
Cl2 + 2e-          2Cl 
 
2.3.3 Drawbacks of Chlorination 
 
From Peterson (2005), drawbacks noted using chlorination includes (objectionable) taste 
and odor problems and a variety of undesirable environmental liabilities. Chlorine disinfection 
can produce carcinogenic disinfection byproducts, and chlorine itself is a hazardous material. 
Further concerns include material handling, corrosion, and of recent concern, community risk to 
terrorist sabotage or attacks. In addition parasites such as cryptosporidium and giardia present in 
sewage effluent often survive conventional treatment processes using disinfectants such as 
chlorine, especially when in their oocyst stage. (USEPA, 199927) 
Chlorine generated industrially frequently contains other process contaminants 
unacceptable for use in drinking water of discharge into watersheds, prohibiting byproduct 
chlorine use in water treatment. As a result, chlorine generated for water treatment creates 
undesirable environmental offsets in addition to the objectionable amounts presently released to 
the environment. In 1981 in the USA alone, chlorination used in the treatment of water and 
wastewater consumed some 600,000 tons of chlorine and this involved a consumption of 28 
million gigajoules of energy 7.8 gigawatt-hours (White, 1986). Concerns on mercury emissions 
from some power generating stations become more alarming the tons of mercury emissions each 
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year from 9 outdated mercury cell chlor-alkali plants and controlling the large amounts of 
mercury inventory they require here in the U.S.A (Clayton, M., 2005). (Peterson, 2005) 
Chlorine disinfection can generate many halogenated organic compounds as disinfection 
byproducts (DBPs) from contact with natural organic matter (NOM). A number of DBPs 
(including trihalomethanes such as chloroform (CHCl3), haloacetates, and chlorophenols) are 
probable or suspected carcinogens, or associated with exposure and causing cancer. Health risks 
associated with the DBPs produced by chlorination disinfection resulted in the Disinfection and 
Disinfectants Byproducts Rule promulgated by the EPA in 1998 [USEPA, 1998]. To reduce 
chlorine consumption and DBP formation, filtration removal of bulk organic material is usually 
required for water treatment. Additional oxidation of organic material using potassium 
permanganate is sometimes required, especially with surface water treatment, to assure final 
chlorination requirements do not exceed the maximum allowable chlorine or DBP levels. 
(Peterson, 2005) 
Chlorine is a poisonous, corrosive gas requiring special construction materials and a high 
level of diligence to inspect for corrosion and deterioration and to maintain the structural 
integrity of the system. Pressurized or high volume vessels increase the risk and rate of accidents 
and dispersal. The risks of transporting and handling chlorine result in minor and major accidents 
each year. In 2005 local news, a leak from a failed chlorine tank valve at the Thibodaux, 
Louisiana water treatment plant evacuated the downtown area for several hours, and a rail 
accident near Graniteville, South Carolina released 11,500 gallons of chlorine gas, killing 9 and 
injuring over 500 (Center for Disease Control, MMWR, 2005). (Peterson, 2005) 
Of the 49,450 events reported to Hazardous Substances Emergency Events Surveillance 
(HSEES) during 1999--2004, a total of 12,845 (30%) were transportation related; of these, 1,165 
(9%) were rail events. Chlorine gas accounted for 11 (0.8%) of the releases reported to HSEES 
in rail events. Approximately 800,000 shipments of hazardous substances travel daily throughout 
the United States by ground, rail, air, water, and pipeline; approximately 4,300 shipments of 
hazardous materials travel each day by rail (US Dept. Transportation, 1998). (Peterson, 2005) 
Though rail transport handled only 0.8% of chemical transportation shipments (which 
would include chlorine), these accounted for almost 42% of the tons moved. This reliance points 
to the reliability and overall good safety attributed to rail transportation. According to the Federal 
Railroad Administration (FRA) the train accident rate dropped 65% from 1980-2004 measured in 
accidents per million miles traveled (Association of American Railroads, 2004). Though perhaps 
the safest transportation method, the breakdown of the available accident statistics for rail 
transport by HSEES (which only includes 16 states), the amount and routes still present a cause 
for concern. Of the 938 (81%) railroad events for which population data were available, 185,801 
persons lived within one-quarter mile of the release. Durations of evacuation ranged from less 
than 1 hour to 13 days. Of the 1,055 (91%) railroad events for which a primary cause was 
identified, 645 (61%) resulted from equipment failure and 258 (24%) from human error. 
Elimination of all human error, though nearly impossible, would still result in a significant 
number of incidents. (Peterson, 2005) 
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2.4 HYDROFLOW Technology 
2.4.1 The Hydropath Signal 
 
The signal that is used in all the Hydropath units has a very distinctive and easily 
recognized form, although the details of its size and shape will vary depending on the particular 
application. The signal consists of high frequency oscillations that gradually die away (decay) 
and then repeat at varying intervals. Technically, this is referred to as an exponentially decaying 
sine wave." This form of the signal allows us to give the ions and particles in the water a 
relatively large “kick" (because of the initial peaks) without using too much power (because the 
peaks die away). The timing of the pulses changes allowing the signal to treat all different 
plumbing systems. (Rodrigues, 2012) 
 
 
 
Figure 2: An example of a short section of the Hydropath Signal. The red arrow indicates the 
“peak-to-peak voltage". (Rodrigues, 2012) 
 
2.4.2 The Hydropath unit as a Transformer 
 
A transformer usually consists of two coils wrapped around a single ferrite core. Passing 
an AC (i.e. changing) current through the first (primary) coil creates a changing magnetic field 
which in turn induces an AC electric field in the second (secondary) coil. The ferrite, which is 
made of compressed iron powder, just helps channel the magnetic field. (Rodrigues, 2012) 
It is important to note that an electric field is applied to the pipe (as opposed to a 
magnetic field) - this is what makes the technology so much more effective than magnet based 
conditioners. (Rodrigues, 2012) 
We know that transformers work, and work very well, because we use them every day. 
Now, let us imagine that instead of many turns around the ferrite, the secondary coil is only a 
single turn. We can see that we still have a working transformer. Now imagine making the 
secondary coil longer and flatter and fill it with water and we see that we now have a method of 
inducing a current in a pipe. The pipe essentially acts as the secondary coil of a transformer, and 
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this patented technique is one of the reasons why Hydropath technology is so effective it uses a 
very efficient method of inducing the current in the pipe. (Rodrigues, 2012) 
 
 
Figure 3: The Hydropath unit (right) works in essentially the same way as a transformer (left). 
The image is of a domestic unit but exactly the same principle of operation applies. (Rodrigues, 
2012) 
 
2.4.3 The signal in the water 
 
It is important to remember that the signal actually travels through the water itself (water 
conducts electricity as long as it has ions dissolved in it - i.e. the harder the water the easier it is 
for the current to travel). In terms of our transformer analogy, the water forms an additional 
secondary coil. The conductivity of the water allows us to transmit a signal into plastic pipes as 
well as metal pipes (and indeed all pipe materials). (Rodrigues, 2012) 
The signal travels in both directions, i.e. upstream and downstream, at close to the speed 
of light. The signal travels so fast that as far as the signal can tell, the water is still. This is why 
the signal travels as well upstream as downstream and also why the signal can travel through 
static water just as well as through moving water. (Rodrigues, 2012) 
2.4.4 Hydropath Technology and Bacteria 
 
Hydropath technology applies a charge to any particles or bacteria, (fig. 4a) passing 
through the ferrite ring of a unit. Therefore, the unit applies a charge (either positive or negative) 
to any bacteria passing through the unit (fig. 4b). According to Rodrigues (2012), this in turn will 
attract a layer of highly pure water that forms a wetting layer" or hydration layer" around the 
bacteria (fig. 4c). Once this layer of water has formed, osmosis begins to act and again forces the 
water into the bacterial cell, bursting it (fig. 4d).  
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Figure 4: Bacteria in (dark green) salt water (a) become charged after application of Hydropath 
signal (b). This causes a wetting layer of super-pure water to form (c) which then is forced into 
the cell by osmosis, killing the bacteria. (Rodrigues, 2012) 
 
2.4.5 Examples of Use 
 
Hydropath technology can be used in a number of ways to kill bacteria. Here are some 
examples: 
• Swimming pools: one of the many benefits of Hydropath for swimming pools is that it 
kills bacteria. This (among other things) can lead to a reduction in the amount of chlorine used. 
• Cooling towers: cooling tower sumps (water storage pools) can be prone to the growth of 
bacteria and algae. Hydropath helps keep them clear. 
• Agricultural applications: Hydropath can reduce the buildup of bacteria in drinking water 
in locations such as chicken farms, and particularly fish farms, which have great problems with 
bacteria and algae. 
• Testing by SGS showed that 99.99% of both Staphylococcus Aureus and E. Coli bacteria 
were killed passing through a Hydropath unit. (Rodrigues, 2012) 
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2.5  Summary of success stories 
2.5.1 Commercial Cooling Towers 
 
Limescale accumulates on the cooling tower honeycomb fills, louvers and infrastructure 
even though the water is treated by a traditional salt softening system and chemicals. 
HydroFLOW Custom 12” i Range water conditioning device was installed in the cooling tower 
of Wyndham Office Building, New Jersey on March 14, 2012. The purpose of the installation 
was to prevent limescale accumulation, removal of existing limescale deposits and eradication of 
bacteria and algae growth. Results observed after 6 weeks were the following: 
- Limescale stopped accumulating as soon as the HydroFLOW device was turned on. 
- Existing limescale was dissolved over time. 
- New bio-film did not reappear and sump tank water is no longer murky and foamy. 
(HYDROFLOW U.S. A., 20128) 
 
 
Figure 5: Pictures of before and after conditions in commercial cooling tower (HYDROFLOW 
U.S. A., 20128) 
 
2.5.2 Food Processing Cooling Towers 
 
HydroFLOW P100 and HydroFLOW P120 were installed in the food processing cooling 
tower of G & G Orchards Yakima, Washington on March 1, 2012. The purpose of the 
installation was to reduce limescale accumulation, biological growth and corrosion while 
eliminating the need for descalant, biocide and anti-corrosive chemicals. Results observed were 
following: 
- Conductivity was held to a minimum without the use of chemicals.  
- Blow-down was reduced to less than once a month.  
- Pipes, tubes, fins and sump tank remain clear of limescale, bio-growth and corrosion.  
- Cost savings associated with reduction in chemicals, reduction in water usage, reduction 
in maintenance and lessened wear-and-tear led to an ROI of roughly a year. (HYDROFLOW 
U.S. A. 20129) 
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Figure 6: Pictures of (a) with chemicals - 1/8” of hard scale and (b) without chemicals - 1/32”of 
soft scale which wipes off easily (HYDROFLOW U.S. A., 20129) 
 
2.5.3 Office Building Cooling Tower 
 
Algae grow uncontrollably in the basin of the cooling tower. In addition, limescale has 
accumulated on the cooling tower honeycomb fills, louvers and infratructure even though the 
water is being treated with chemicals, under the supervision of the facility manager and an 
outside chemical company. HydroFLOW Custom 10” i Range water conditioning device was 
installed in the cooling tower of Bouras Office Building, New Jersey on June 21, 2012. The 
purpose of the installation was to eradicate bacteria and algae growth and prevent limescale 
accumulation. Results observed after 10 weeks were following: 
-Approximately 90% of the biological growth was eradicated without the use of 
incremental chemicals.  
-Basin water is no longer murky and foamy.  
-Limescale stopped accumulating as soon as the HydroFLOW device was turned on. 
(HYDROFLOW U.S. A., 201211) 
 
 
 
Figure 7: Pictures of (a) Without HydroFLOW and (b) With HydroFLOW for 10 weeks 
(HYDROFLOW U.S. A., 201211) 
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2.5.4 Wastewater Ammonia Stripper 
 
Prior to disposing wastewater in a lagoon, hazardous contaminants are removed using a 
series of filters. The filtered wastewater is then sent through a shell and tube heat exchanger. The 
warm wastewater is sprayed into the top of each ammonia stripper. Air is forced into the bottom 
of each stripper, causing the ammonia to evaporate. Each ammonia stripper is filled with plastic 
packing that assists the evaporation process. Once the plastic packing becomes full of scale the 
entire wastewater processing system has to be shut down. The cleanup process typically takes 
two people an entire day; the plastic packing has to be sprayed with water, while still inside of 
the ammonia strippers, vacuumed out, and sprayed again with water. Once cleaned the packing is 
put back inside the ammonia strippers. (HYDROFLOW U.S. A., 201213) 
A C45 device was installed on July 18, 2011 on the 1.25”outer diameter metal pipe 
leading to the heat exchanger, with the goal of reducing the scale accumulation rate by 25%. 
Results observed after 1 year shows: 
- HydroFLOW device was able to extend the time between cleanings by a factor of eight 
- 4 months of interval between cleaning the packing material, this reduced the cleanings 
per year from 26 to 3 times (HYDROFLOW U.S. A., 201213) 
 
2.5.5 Commercial Pond 
 
The chemical in the water splashes over the granite around the water fixture and stains 
the granite, which eventually requires polishing. To polish the granite the water fixture has to be 
emptied, causing water waste and manual resources. In addition to the above, this water fixture 
has to be drained once a month, cleaned and new water put in due to the pollution and organic 
debris that fall in the water constantly. J62 model of water conditioning device was installed in 
the commercial pond of Alakea Tower, Hawaii on September 20, 2011. The purpose of the 
installation was to improve water quality and improve maintenance. (HYDROFLOW U.S. A., 
20117) 
Results observed were following: 
- The water fixture and the surrounding granite had just been cleaned, therefore no 
difference was recorded. 
- A reduction of 50% of chemicals was achieved 
- The granite is no longer staining by the chemicals in the water 
- The water fixture has not been drained in the last 2 1/2 months and water is perfectly 
good, by that, saving 2500 gallons of water each time. (HYDROFLOW U.S. A., 20117) 
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Figure 8: Pictures of (a) Date of installation of J62 and (b) Inspection after 14 weeks 
(HYDROFLOW U.S. A., 20117) 
 
2.5.6 Heat power station steam condenser protection from biofouling 
 
The volumes of water used for cooling of heat stations and power stations are huge. 
Chemical agent usage for prevention of scale and for disinfection is quite complicated, especially 
in open (not closed-loop) systems. The main restrictive factor is using a large quantity of 
chemical agents. Environmental safety requirements are also a factor, because blow-down water 
from the water circulation system is eventually discharged to natural water basins and for this 
reason must comply with maximum permissible concentration requirements. (HYDROFLOW 
U.S. A., 201110) 
That is why in most cases cooling water is supplied to heat-exchange equipment almost 
without any treatment, and when internal surfaces of heat-exchange equipment reach some 
critical contamination level, equipment is stopped for chemical cleaning or for dismantling and 
mechanical cleaning. Cleaning of heat-exchange surfaces from deposits requires significant 
material expensive and is performed, as a rule, on idle equipment. Moreover, heat-exchange 
surface cleaning leads to mechanical damaging of equipment and, in fact, it eliminates the 
consequence (i.e. the deposits), while the cause of deposit formation remains, and sometimes, 
such cleaning may even aggravate the case. (HYDROFLOW U.S. A., 201110) 
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Figure 9: Pictures of Condenser Outlet chamber (a) without AquaKlear and (b) with AquaKlear 
(HYDROFLOW U.S. A., 201110) 
 
AquaKlear Custom P-40” was installed on a pipeline of heat power station steam 
condenser in Barnaul, Russia on November, 2010. The purpose of the installation was protect 
steam condenser from biofouling. According to findings of the study, specialists of the heat-
mechanic equipment checkout and repairing company made the following conclusions: 
- The result of the temperature force monitoring indicates positive dynamics due to 
cleaning of the condenser heat-exchange surfaces by the AquaKlear system; 
- According to results of the visual examination, there was found visible reduction of 
biofouling and absence of tubes with 100% clogging in compare with condenser without 
AquaKlear; 
- Based on microbiological water analysis, it is possible to make conclusion that 
AquaKlear system suppresses biofouling of steam condenser cooling surfaces in respect of: 
• thermotolerant coliform bacteria > 3.3 times; 
• total amount of coliform bacteria > 3.3 times; 
• total amount of coliphages > 2 times; 
• sulfite-reducing clostridia > 90 times. 
 
Therefore, AquaKlear water conditioner strongly reduces buildup of deposits, silt and 
biofilm in heatexchangers. (HYDROFLOW U.S. A., 201110) 
2.5.7 Well water bacteria 
 
The Yakama Nation Land Enterprise Toppenish Warehouse had bacterial issues in the 
well, bacteria colonies were found in the water. HydroFLOW S-38 water conditioner was 
installed on the main line and the results found after three weeks showed zero colonies of 
bacteria. (HYDROFLOW14) 
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2.5.8 Schlueter Plumbing 
 
HydroFLOW S-38 water conditioner was installed to prevent lime scale accmulation and 
the results found after 2 years showed that the heat exchangers were completely clean. Recently 
it was found that water conditioners almost kill 99.99% bacteria and algae that pass through 
them. (HYDROFLOW12) 
2.6  Previous Study (Lauren Cagle) 
A batch reactor was designed by Lauren Cagle (2012) to test the E. coli removal 
efficiency of three different HydroFLOW units.  
 
 
 
Figure 10: Experimental Design of batch reactor by Lauren Cagle (Cagle, 2012) 
 
The reactor was made up of opaque white schedule 40 polyvinylchloride (PVC) pipe 
connected by PVC couples and elbows. All of the PVC was attached to each other using PVC 
glue. The 4 inch in length PVC was attached to the basin of the unit by a rubber sleeve to ensure 
no leakage and connected to a PVC T. One side of the T was connected to the straight PVC that 
went to the pump, and the other opening of the T was attached to a copper spigot that was 
attached to the hose. This was used to gravity drain the system between tests and could be closed 
to divert water through the system. When the drain spigot was closed the water would go through 
straight PVC to reach the pump. The pump used in that system was an Utilitech irrigation pump 
(model #0313831). The pump’s inlet and outlet were connected by the adaptor to a straight PVC 
pipe. A ball valve was located 15.24 cm above the pump outlet. This was there to regulate the 
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flow through the system. A turbine flow meter, with PVC housing, manufactured by GPI (model 
# TM200-N) was used. The flow range of the device was (75.7 LPM to 757.1 LPM) 20 to 200 
GPM with +/- 3% accuracy. The system was designed to be a recycle batch reactor, so the water 
would discharge back into the basin. In the original design the basin was a 56.78 L, white plastic 
container that was held in place by a metal frame. This design was later altered to a 5 gallon 
inverted Kentwood bottle, due to temperature control issues (Cagle, 2012). 
A heat exchanger was located inside the basin and was constructed from copper tubing. 
The copper was loosely twisted and rubber tubing was slipped over the opening at the top and 
the bottom of the copper coil and secured with a hose clamp. The rubber tubing was connected to 
the facet where tap water would pass through the coil then exit through the rubber tubing on the 
outlet, which ran through handle of the Kentwood bottle. After the tap water passed through the 
heat exchanger it would discharge through the rubber 21 tubing and go into the drain. There was 
no mixing of the water from the heat exchanger with the sample in the basin (Cagle, 2012). 
In the procedure where HydroFLOW 60i unit was tested the heat exchanger was not 
necessary and it was removed from the system design. The following is the modified procedure: 
• 9.5 liters of water was put into the sample basin 
• An initial 2-mL sample was taken in a 10-mL glass test tube 
• The Hydropath unit was activated and the green and red lights were observed 
• The pump was turned on (the flow was decreased to 100.5 liters per minute) 
• Sample water was discharged into a separate basin (the water was not recycled) 
• A 2-mL sample was taken as the water discharged through the outlet of the system. 
• The discharged water was then discarded 
• The samples taken were analyzed using vacuum filtration method outlined in USEPA 
method 1603. 
 
According to the manufacturer, the 60i, an industrial grade unit, would require a single 
pass to kill the bacteria.  Accordingly, the experimental procedure was modified so the water 
only passed through the unit one time and was then discarded. In the tests used with this set of 
experiments the starting colony counts were in the ranges of 375 000 E.coli/100 ml to 750 000 
E.coli/100 ml. The first test showed a decrease in E.coli from the initial count to 0, and the 
second run showed a decrease from 600,000 E.coli/100 ml to 15,000 E.coli/100 ml. The tests that 
followed showed no decrease in E.coli concentration, with the average starting concentration of 
500,000 E.coli/100 ml and average final concentration of 625,000 E.coli/100 ml. The sample 
water taken from June 14 had average initial bacteria concentration of 225,000 E.coli/100 ml, 
which was more usual to the concentrations observed in previous experiments with this dilution. 
Of the valid 18 runs, the first 5 showed a change in the initial to final E.coli concentrations. The 
first three runs went from 170,000 E.coli/100 ml to 5,000 E.coli/100 ml, 225,000 E.coli/100 ml 
to 1 colony, and 270 000 E.coli/100 ml to 27 500 E.coli/100 ml; that is, a change of 99%, 97%, 
and 90% respectively. These results were not consistent with the following tests, in which there 
was no trend in E.coli reduction. The trends observed at the start of the experiment resulted in an 
alteration of the procedure. The Hydroflow unit was turned on at the beginning of the tests and 
left running throughout the duration of the following tests. The average initial concentration of 
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E.coli was about 195000 E.coli/100 ml and final average concentration was 182500 E.coli/100 
ml, with no data being an outlier in that average. The average variance between the initial and 
final concentrations is 15000 E.coli/100 ml which is equivalent to 6 colonies per plate (Cagle, 
2012).  In view of these inconsistent results, additional testing was devised, as described in the 
experimental plan of this research. 
2.7 Marrero Wastewater Treatment Plant 
Marrero Municipal Wastewater Treatment Plant located at 6250 Boulevard, Marrero, 
Louisiana and is part of the Department of Sewerage of Jefferson Parish. The original facility 
consists of the following treatment units: pre-chlorination, two mechanic bar screens and one 
manual bar screen, two grit chambers, two primary settling tanks, two trickling filters, two 
aeration basins. Two secondary clarifiers, two chlorine contact chambers, three aerobic sludge 
digesters, and two belt presses used in the process of sludge dewatering (Bermudez, 2003). 
The Marrero treatment plant is similar to many other municipal treatment plants 
throughout the United States. The wastewater travels through a coarse screen to remove larger 
solids then flows into the grit chamber then splitter box. The effluent then flows to the primary 
clarifier where up to 70 percent of the TSS and 40 percent of the BOD can be settled out. While 
the sludge is moved to aerobic digestion, the clarified liquid goes to the secondary treatment 
stage. The figure below shows the plan view of the wastewater treatment plan in Marrero (Cagle, 
2012). 
 
 
 
 
 
 
 
 
 
 
Figure: Plan view of the Marrero Wastewater plant 
 
In 2007, a new expansion of the treatment plant provided relief to the overloaded plant. 
The most significant difference between the new and old aerobic biological reactors at the 
Marrero plant is the absence of primary clarifiers in the new section of the plant. After the 
splitter box, the degritted sewage goes directly to two parallel plug-flow aeration basins, both of 
which discharge into a single final clarifier. This final clarifier is a circular tank with a diameter  
 
Figure 11: Plan view of the Marrero Wastewater plant 
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In 2007, a new expansion of the treatment plant provided relief to the overloaded plant. 
The most significant difference between the new and old aerobic biological reactors at the 
Marrero plant is the absence of primary clarifiers in the new section of the plant. After the 
splitter box, the degritted sewage goes directly to two parallel plug-flow aeration basins, both of 
which discharge into a single final clarifier. This final clarifier is a circular tank with a diameter 
of 36.6 m (120 ft), which works independently from the old units. The capacity of the new 
addition is 615.1m3/h (3.9 MGD) (Cagle, 2012). 
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3 METHODOLOGY 
3.1  Reactor 1 
 
 
 
Figure 12: Reactor 1 
 
The reactor was built in the Marrero Wastewater Treatment plant to take wastewater from 
the secondary clarifier effluent trough, pass it through the HydroFLOW 60i unit, and then flow 
continuously through a 10-m long, 50-mm diameter PVC pipe equipped with sampling ports a 
several points.  Water was withdrawn from the trough using a submersible pump; the hose 
coming from the pump was connected to the inlet of the system. A ball valve was used to 
regulate the flow and a flow meter was used to measure the flow. A pipe was connected to the 
inlet system to remove the excess water from the reactor. To ensure the pipe was full when water 
passed the HydroFLOW 60i unit, the unit was placed in a vertical pipe section. The sampling 
points were placed at the following distances from the unit: 3.42cm, 6.85cm, 17.12cm, 34.24cm, 
102.72cm, 205.44cm, 410.88cm, 616.32cm, 821.76cm and 1027.3cm after the unit. A T-joint 
and a drain were used to build the sampling point.  To elevate the pipe above ground level, 
several wooden planks were used. Finally, a pipe was connected to release the water from the 
system back to the clarifier trough. All the PVC pipes were connected to each other by using 
PVC glue. 
The HydroFLOW 60i unit, and the flow meter were kept inside a big plastic box to 
protect them against the atmospheric elements. When the system was not used to take samples 
then the pump and other necessary components were kept inside the box and were locked. 
The following are the reactor components: 
• PVC T-Joint (10) 
• 2 inch PVC pipe solid core 5 feet (8) 
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• Submersible pump (1) 
• Drain (8) 
• Coupling (2) 
• Flexible Coupling (4) 
• PVC Glue (1) 
• Storage Box (1) 
• Weather-proof lock (1) 
• Wooden Plank (8) 
• Nylon hose barb adapter (4) 
• Garden hose (1) 
• PVC bushing (2) 
• Thread seal tape (2) 
• Flow meter (1) 
• Ball valve (1) 
 
3.1.1 Trial Run 1 (Detention time 5 mins) 
 
Water flow was maintained from 3.8 L/min using a ball valve to have a detention time of 
5 minutes (300 seconds) in the whole system. The flow was monitored by the flow meter as well 
as with a bucket and stop watch. Samples were collected at contact times of 5s, 10s, 30s, 60s, 
120s, 180s, 240s and 300s after passing the unit. After collection the samples were brought to 
Center for Energy Resource Management (CERM) for E. coli measurement and then they were 
analyzed using the EPA method 1603 in the laboratory. 
3.1.2 Trial Run 2 (Detention time 10 mins) 
 
The water flow was decreased from 3.8 L/min to 1.9 L/min to have a detention time of 10 
mins (600 seconds) in the reactor. The flow was monitored by the flow meter as well as with a 
bucket and stop watch to ensure accurate measurement. Samples were collected at contact times 
of 10s, 20s, 60s, 120s, 240s, 360s, 480s and 600s after passing through the HydroFLOW the unit. 
At each sampling points three replicate samples were collected to have an accurate estimate. 
After collection, the samples were brought to the Environmental Engineering Laboratory, at the 
Center for Energy Resource Management (CERM) Building, for E. coli measurement and then 
they were analyzed using the EPA method 1603. 
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3.2  Reactor 2 
 
      
 
Figure 13: Reactor 2 (Sampling point 1 and 2 is placed in upper portion of the reactor) 
 
The batch reactor was built using a 0.6-m piece of 50-mm PVC pipe attached to a 
wooden board by two adapters. Water was filled to 0.56-m from the bottom, so it contained 1.13 
liters of water. A plastic seal was placed at the bottom of the pipe to hold the water in the system. 
Two holes in the bottom and one hole in the top of the pipe were made to connect the bellow 
pump and air bubbling hose. The bellow pump was from Gorman-Rupp having a highest rate of 
flow 2.48 L/min, thus having a recirculation of 2.2 times in a minute to ensure adequate mixing. 
The HydroFLOW 60i unit was placed in the middle of the reactor and two sampling points were 
placed on top of it so that sample water can be collected after water passes the unit. Wastewater 
sample was collected from the secondary clarifier of Marrero Wastewater Treatment plant and 
was brought to the laboratory. The reactor was filled with the sample wastewater and was run 
using four different combinations. 
The following are the components of the batch reactor: 
• PVC pipe solid core (1) 
• PVC Glue (1) 
• Thread seal tape (2) 
• Bellow pump (1) 
• Hose for air Bubbling (1) 
• Adapter (2) 
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• Plastic Seal (1) 
• Drain (3) 
• Wooden board (1) 
 
3.2.1 System 1 (Air bubbling without running the HydroFLOW unit) 
 
This batch test was run to observe if there is any variation of E. coli measurement with 
time without running the HydroFLOW 60i unit. Air bubbling was introduced to the reactor from 
the air duct that is available in the laboratory. The samples were collected in 0 min, 30 mins, 60 
mins, 90 mins and 120 mins from two sampling points. At each sampling points three samples 
were collected to have an accurate estimate. After collection the samples were analyzed using the 
EPA method 1603 in the laboratory.  
3.2.2 System 2 (Air bubbling with the HydroFLOW unit running) 
 
Air bubbling was introduced to the reactor from the air duct that is available in the 
laboratory. The HydroFLOW 60i unit was running during this whole process. The samples were 
collected at 0 min, 30 mins, 60 mins, 90 mins and 120 mins from two sampling points. At each 
sampling point, three samples were collected to have an accurate estimate of the E. coli count. 
After collection, the samples were analyzed using the EPA method 1603 in the laboratory. 
3.2.3 System 3 (Recirculation with the HydroFLOW unit running) 
 
Recirculation was going on continuously throughout this run using the recirculation 
pump. The HydroFLOW 60i unit was running during this whole process. The samples were 
collected in 0 min, 30 mins, 60 mins, 90 mins and 120 mins from two sampling points. At each 
sampling points three samples were collected to have an accurate estimate. After collection the 
samples were analyzed using the EPA method 1603 in the laboratory. 
3.2.4 System 4 (Air bubbling and recirculation with the HydroFLOW unit running) 
 
Air bubbling and recirculation were introduced to the reactor at the same time. The 
HydroFLOW 60i unit was running during this whole process. The samples were collected at 0 
min, 30 mins, 60 mins, 90 mins and 120 mins from two sampling points. At each sampling point, 
three samples were collected to have an accurate estimate of the bacteria count. After collection, 
the samples were analyzed using the EPA method 1603 in the laboratory. 
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3.3 E. coli Quantification  
3.3.1 Agar Preparation 
 
Modified mTEC agar of 45.6g was added to 1 L of reagent-grade water. Then it was 
mixed thoroughly and was heated to dissolve completely. After that the solution was autoclaved 
at 121°C (15 PSI) for 15 minutes, and was cooled in a 50°C water bath. Then the medium was 
poured into each 9 × 50 mm culture dish to a 4-5 mm depth (approximately 4-6 mL), and was 
allowed to solidify. At last the dish was stored in the refrigerator. (USEPA, 200228) 
3.3.2 Test Method 
 
a) The petri dish was marked with the sample identification.  
b) A sterile membrane filter was placed on the filter base, grid side up, and the funnel 
was attached to the base so that the membrane filter is held between the funnel and 
the base.  
c) A volume of 200 ml of DI water was measured and poured into the funnel of the 
filtration system. The wastewater sample was shaken vigorously then 0.04 ml (40 
microliters) was added to the DI water using a fresh, autoclaved pipette tip each time. 
d)  The sample was filtered, and the side of the funnel was rinsed with 20 mL of sterile 
buffered rinse water. Turn off the vacuum, and remove the funnel from the filter base.  
e) Sterile forceps was used to aseptically remove the membrane filter from the filter 
base, and was rolled onto the modified mTEC agar to avoid the formation of bubbles 
between the membrane and the agar surface. The membrane was reseated if bubbles 
occurred.  
f) The dish was closed, inverted, and incubated at 35°C ± 0.5°C for 2 ± 0.5 hours.  
g) After a 2 ± 0.5 hour incubation at 35°C ± 0.5°C, the plates were transferred to Whirl-
Pak® bags, the bags were sealed, and was submerged in a 44.5°C ± 0.2°C waterbath 
for 22 ± 2 hours.  
h) After 22 ± 2 hours, the plates were removed from the water bath, the number of red or 
magenta colonies were counted and recorded. (USEPA, 200228) 
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4 RESULTS AND DISCUSSION 
4.1  Reactor 1  
4.1.1 Trial Run 1  
 
In the continuous flow reactor, samples of wastewater were collected at eight sampling 
points, to determine the effect of contact time after exposure to the electromagnetic waves on the 
E. coli count.  In the first trial, the reactor was allowed to run with a flow of 3.8 L/min (use 
metric units) to have a total detention time of 5 minutes. Table 2 shows the results of this 
experiment. 
Table 2: E. coli count at different sampling points for detention time 5 mins (Reactor 1) 
 
Sampling point Time (s) Avg. 0.04ml count 100 ml count 
Influent 0 315 787 500 
1 5 320 800 000 
2 10 311 777 500 
3 30 326 815 000 
4 60 384 960 000 
5 120 379 947 500 
6 180 318 795 000 
7 240 348 870 000 
8 300 322 805 000 
 
These results show that there is no significant difference in the E. coli concentration at 
the eight different sampling points. Figure 14 is a plot of the E. coli concentration as a function 
of flow time after exposure of the liquid to the HydroFLOW unit, and demonstrates that no 
coliform removal could be observed. It was thought that the detention time is very low for the 
HydroFLOW 60i unit to have an impact, so the detention time was increased from 5 minutes to 
10 minutes by reducing the flow from 3.8 L/min to 1.9 L/min. 
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Figure 14: 100 ml E. coli count vs time (Reactor 1, Run 1) 
 
4.1.2 Trial Run 2 
 
The results observed for the second run, using the same continuous flow reactor, are 
summarized in Table 3.  Again, it can be seen that there is no significant difference in the E. coli 
concentration at the different sampling points. . Figure 15 shows the 100ml E. coli concentration 
plotted as a function of contact time. In this figure, it can be seen that the 100ml E. coli 
concentration remained practically constant during the 10 minutes of flow through the pipe.  
Therefore, it was concluded that a longer contact time is needed.  In order to determine how long 
this contact time should be, a batch test was devised, as described below. 
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Table 3: E. coli count at different sampling points for detention time 10 mins (Reactor 1, Run 2) 
 
Sample Point Contact Time (s) 0.04 ml Count Average count 100 ml count 
Influent 0 
325 
316.0 790 000 308 
315 
1 10 
321 
320.7 801 667 319 
322 
2 20 
321 
313.7 784 167 312 
308 
3 60 
315 
323.0 807 500 338 
316 
4 120 
364 
297.3 743 333 305 
223 
5 240 
286 
288.3 720 833 281 
298 
6 360 
294 
279.0 697 500 269 
274 
7 480 
313 
312.3 780 833 322 
302 
8 600 
287 
296.3 740 833 311 
291 
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Figure 15: 100 ml E. coli count vs time (Reactor 1, Run 2) 
 
4.2  Reactor 2 
4.2.1 System 1 (Air bubbling without the unit)  
 
In system 1 (air bubbling without the unit), the reactor was filled with sample water and it 
was allowed to run when air bubbling was introduced. The HydroFLOW 60i unit was not 
running during this process. The process in system 1 is performed to determine if there is any 
growth or death of E. coli concentration in the reactor during the test time of 2 hours. Table 4 
shows the E. coli count at two sampling points for different detention times. Figure 16 shows a 
plot of such data. It can be seen that the E. coli concentration remained practically constant 
during 2 hours. The, E. coli concentration was lower at 0 minutes because the water was not 
totally mixed. When it got mixed due to air bubbling the concentration was constant for both 
sampling points. Therefore, within this testing time of 2 hours, there is neither cell growth nor 
cell death. It was demonstrated that the water in the reactor must be mixed thoroughly by air 
bubbling before running the HydroFLOW 60i unit and then collect the initial water sample at 0 
minutes.  
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Table 4: E. coli count at two sampling points for different detention time (air bubbling without 
the unit) [Ref. fig. 13] 
 
Sampling Point Time(min) 0.04 ml Count Average Count 100 ml Count 
    489     
1 0 508 497.0 1 242 500 
    494     
    513     
2 0 491 514.0 1 285 000 
    538     
    1755     
1 30 1920 1815.0 4 537 500 
    1770     
    1605     
2 30 1695 1650.0 4 125 000 
    1650     
    1875     
1 60 1800 1830.0 4 575 000 
    1815     
    1815     
2 60 1755 1785.0 4 462 500 
    Spoiled     
    1590     
1 90 1675 1620.0 4 050 000 
    1605     
    1620     
2 90 1680 1665.0 4 162 500 
    1695     
    Spoiled     
1 120 1650 1590.0 3 975 000 
    1530     
    Spoiled     
2 120 Spoiled 1785.0 4 462 500 
    1785     
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Figure 16: 100 ml E. coli count vs time (air bubbling without the unit) [Ref. fig. 13] 
 
 
 
 
Figure 17: (a) E. coli concentration at time 0 and at 2 hour (air bubbling without the unit) 
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4.2.2 System 2 (Air bubbling with the unit) 
 
In system 2 (air bubbling with the unit), the HydroFLOW 60i unit was running when air 
bubbling was introduced. Before the unit was run, the reactor was air bubbled for 5 mins to 
ensure good mixing and then the 0 min sample was collected. The process in system 2 is 
performed to understand the removal efficiency at different detention times of HydroFLOW 60i 
unit for this reactor. Table 5 shows the E. coli count and removal efficiency at two sampling 
points for different reaction time. Some of the sample plates prepared to count E. coli 
concentration was spoiled because of water going inside the Whirl-pak bag. Three 0.04 ml count 
of E. coli were eliminated due to high deviation. Figure 19 shows a plot of the 100ml E. coli 
concentration as a function of time, and demonstrates that the E. coli concentration is 
continuously decreasing for both the sampling points, although for point 1 it shows an increase 
of E. coli concentration at 1 hour than 30 minutes. This may be due to errors made during the E. 
coli count process. As 0.04-ml samples were taken using Micropipettes, any mistake in pushing 
the button can take more sample water than the right amount. Figure 20 shows the removal 
efficiency of the unit at different detention times for the two sampling points. The removal 
efficiency shows an increasing pattern with time. For sampling point 1, the removal efficiency at 
30 minutes was 32.34% which increases up to 78.14% at 2 hours. Though the efficiency 
decreases at 1 hour from 30 mins, this may be due to human error as explained before. For 
sampling point 2, the removal efficiency at 30 mins was 31.91% which increases up to 65.80% at 
2 hours. 
 
Figure 18: Gradual Decrease of E. coli Colonies (air bubbling with the unit) 
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Table 5: E. coli count at two sampling points for different time intervals (air bubbling with the 
unit) [Ref. fig. 13] 
 
Sampling 
Point 
Time(min) 0.04 ml 
Count 
Average 
Count 
100 ml 
Count 
% 
Removal 
    563       
1 0 709 636.0 1 590 000 0.0 
    Spoiled       
    577       
2 0 462 642.3 1 605 833 0.0 
    888       
    334       
1 30 499 430.3 1 075 833 32.3 
    458       
    507       
2 30 364 437.3 1 093 333 31.9 
    441       
    Spoiled       
1 60 479 518.0 1 295 000 18.6 
    557       
    Spoiled       
2 60 177 360.0 900 000 44.0 
    543       
    710*       
1 90 443 387.5 968 750 39.1 
    332       
    315       
2 90 723* 289.0 722 500 55.0 
    263       
    713*       
1 120 225 139.0 347 500 78.1 
    53       
    213       
2 120 289 219.7 549 167 65.8 
    157       
* Neglected for high deviation 
 
33 
 
 
Figure 19: 100 ml E. coli count vs time (air bubbling with the unit) [Ref. fig. 13] 
 
 
Figure 20: Removal Efficiency vs time (air bubbling with the unit) [Ref. fig. 13] 
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Overall, it was observed that the HydroFLOW 60i unit kills bacteria and the removal 
efficiency increases with time. On the other hand, in conventional chlorine contact chamber the 
detention time is 30 minutes and the removal efficiency is about 99.99%. Therefore, if a 
HydroFLOW 60i unit is to be used for disinfection in a treatment plant, an adequate engineering 
design must be made to the reactor set up, so that the required killing efficiency can be achieved 
within a reasonable detention time.  It was thought that by recirculating the liquid from the 
bottom to the top of the batch reactor, the killing efficiency could be improved, so a bellow 
pump, with a maximum flow rate of 2.48 L/min was used to provide for such recirculation. 
4.2.3 System 3 (Recirculation with the HydroFLOW unit running) 
 
In system 3 (recirculation with the unit), a bellow pump was introduced to recirculate the 
water at a rate 1.24 L/min when HydroFLOW 60i unit was running. No air bubbling was 
introduced during this process. Before the unit was run, the reactor was air bubbled for 5 minutes 
to ensure good mixing and then the 0 min sample was collected. It was found that the E. coli 
count was constant for both sampling points and different detention times. Therefore, the 
recirculation did not have an effect on removal of E. coli concentration. E. coli has the 
characteristics to settle down, this might have happened due to insufficient mixing and having a 
low rate of recirculation. So, it was decided to put the bellow pump at highest rate of flow and 
having the air bubbling at the same time, thus preventing particle sedimentation and ensuring a 
completely mixed system. 
4.2.4 System 4 (Air bubbling and recirculation with the HydroFLOW unit running) 
 
In system 4 (recirculation and air bubbling with the unit), air bubbling and recirculation 
were introduced at the same time while the HydroFLOW 60i unit was running. Recirculation 
was done at the highest rate, i.e., 2.48 L/min. Before the unit was run, the reactor was air bubbled 
for 5 minutes to ensure good mixing and then the 0 min sample was collected. Table 6 shows the 
E. coli count and removal efficiency at two sampling points for different detention time. Some of 
the sample plates prepared to count E. coli concentration was spoiled because of water going 
inside the Whirl-pak bag. Figure 21 shows the 100ml E. coli concentration vs time chart. In this 
plot, it can be seen that E. coli concentration is continuously decreasing for both the sampling 
points. Figure 22 shows the removal efficiency of the unit at different detention times for the two 
sampling points. The removal efficiency shows an increasing pattern with time. For sampling 
point 1, the removal efficiency at 30 mins was 46.59% which increases upto 65.21% at 2 hours. 
For sampling point 2, the removal efficiency at 30 mins was 35.02% which increases upto 
68.61% at 2 hours. 
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Table 6: E. coli count at two sampling points for different time intervals (air bubbling and 
recirculation at the same time with the unit) [Ref. fig. 13] 
 
Sampling 
Point Time(min) 
0.04 ml 
Count 
Average 
Count 
100 ml 
Count 
% 
Removal 
    439       
1 0 254 327.7 819 167 0.0 
    290       
    230       
2 0 359 303.7 759 167 0.0 
    322       
    200       
1 30 Spoiled 175.0 437 500 46.6 
    150       
    255       
2 30 180 197.3 493 333 35.0 
    157       
    170       
1 60 118 125.7 314 167 61.6 
    89       
    162       
2 60 164 148.7 371 667 51.0 
    120       
    153       
1 90 102 126.0 315 000 61.5 
    123       
    Spoiled       
2 90 157 135.5 338 750 55.4 
    114       
    127       
1 120 119 114.0 285 000 65.2 
    96       
    137       
2 120 116 95.3 238 333 68.6 
    33       
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Figure 21: 100 ml E. coli count vs time (air bubbling and recirculation with the unit) [Ref. fig. 
13] 
 
Figure 22: Removal Efficiency vs time (air bubbling and recirculation with the unit) [Ref. fig. 
13] 
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Figure 23: Gradual Decrease of E. coli Concentraion (air bubbling and recirculation with the 
unit) 
By introducing recirculation and air bubbling at the same time, it is seen that the 
efficiency at 2 hours did not improve. If figure 20 and figure 22 are compared, it can be observed 
that recirculation has decreased the time of affect. It means that to reach 50% to 60% efficiency, 
system 4 has taken 60 mins whereas to reach the same efficiency system 2 has taken 90 mins. On 
the other hand, the removal efficiency of system 4 increased at a slower rate but for system 2 
there was always a gradual increase of efficiency. Overall the total removal efficiency for both 
system 2 and system 4 was almost same. 
The recirculation system introduced in this reactor was not effective. For system 3, no 
removal was observed. This may be because of the lower recirculation rate or the system by 
which recirculation was performed. HydroFLOW manufacturers demand that when the full water 
flow is recirculated in the system then the units are more effective. Therefore it is recommended 
to build a new reactor in which the full water flow is recirculated and then the removal 
efficiencies are found out at different detention time from 0 min to 30 mins.  According to the 
manufacturer, the pipe runs in the batch reactor utilized in this research is too short, and it could 
be electrically isolated. This would mean that the “circuit” as seen by the HydroFLOW unit was 
essentially a very short open circuit, preventing current flow. In a more realistic environment, 
pipes would be longer and/or grounded and the current would be able to flow. (Rodrigues, 2012) 
 
The results of this study are reliable because adequate precautions were taken during the 
experiment. Three samples were taken in every sampling points and the average value was taken 
always as final measurement. When testing the samples by EPA Method 1603, two control plates 
were always prepared to understand if there is any contamination between the measurements. No 
contamination was reported during the test. All the glassware used during these tests was 
autoclaved beforehand and they were cleaned with 95% Ethanol to kill any pathogens. The 
forceps used for the tests were every time flamed for safety. 
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5 CONCLUSIONS AND RECOMMENDATIONS 
5.1 Conclusions  
 
The purpose of this study was to test the efficiency of a HydroFLOW 60i unit for 
wastewater disinfection as an alternative to chlorination. The study was performed using two 
different reactors. In the first reactor, the flow was continuous and the E. coli concentration for 
detention time 5 and 10 min was quantified. The second reactor was a batch reactor and the 
removal efficiency of four different systems was determined. The following are the major 
findings of this study: 
a) The HydroFLOW 60i unit was unable to remove E. coli in a continuous flow reactor 
without recirculation for detention time lower than or equal to 10 minutes. 
b) There was no cell growth or cell die-off in the batch reactor for a total detention time of 
2 hours, when the HydroFLOW 60i unit was not running. 
c) The HydroFLOW 60i unit is able to kill bacteria using a batch reactor. 
d) The removal efficiency of the unit increases with time. 
e) E. coli has tendency to settle down, thus the batch reactor has to be completely mixed 
for accurate results. 
f) In a completely mixed batch reactor, higher rate of efficiency can be achieved in a short 
time by introducing partial recirculation, though the overall efficiency does not change. 
 
This study shows that the HydroFLOW 60i unit is effective to kill bacteria.  However, an 
adequate reactor design must be made in order to achieve a higher killing efficiency at a 
reasonable detention time in order for this system to be competitive with conventional 
chlorination. 
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5.2  Recommendations 
 
Further research is necessary to understand if full flow recirculation can decrease the 
detention time and increase the efficiency with new reactor system.  A new reactor was recently 
completed, as shown in Figure 24, and further testing using this unit will be conducted as part of 
a new Master’s thesis. 
 
Figure 23: New Reactor for full flow recirculation 
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